INTRODUCTION Continuous venovenous hemodiafi ltration, generally used in patients with acute renal failure, enables elimination of humoral mediators of systemic infl ammatory response and sepsis from blood. This effect should improve treatment results in patients with multiple organ dysfunction, but evidence of improved survival is insuffi cient.
INTRODUCTION
Continuous renal replacement therapy (CRRT), fi rst described in 1977, [1] represented a major advance in management of critically ill patients with acute renal failure (ARF). Continuous venovenous hemodiafi ltration (CVVH) is a CRRT that combines two methods of clearance, diffusion (dialysis) and convection (hemofi ltration), enabling extraction from blood of fl uids, electrolytes and solutes with molecular weight <50,000 unbound to proteins. [2] CVVH use in patients with multiple organ dysfunction (MODS) led to the discovery that not only was it useful for purging uremic toxins, electrolytes and water, but also eliminated humoral mediators of systemic infl ammatory response and sepsis (interleukins 1, 6 and tumor necrosis factor), mainly by convection and adsorption. [3] This suggests a potential treatment benefi t in critically ill MODS patients, possibly even in those with preserved kidney function.
Despite scientifi c and technological advances in MODS management, case fatality remains elevated, reported by some authors between 72% and 79%, [4] and hence the need for more effective treatment.
The spectrum of sepsis, severe sepsis, septic shock and MODS represents one of the main causes of admission to and deaths in ICUs. [5] [6] [7] Thus, various groups have incorporated CVVH into treatment protocols for MODS, whether septic or nonseptic, with varying survival results. Dunham's review includes results from case series reporting use of CVVH in patients with MODS of differing etiologies with case fatality ranging between 0% and 81%. [4] Most papers we reviewed reported its use in septic MODS, but there are small series or case reports describing its use in acute respiratory distress syndrome (ARDS), [8, 9] acute liver failure (ALF) [10] and pancreatitis, [11] all conditions associated with high mortality and in which physiopathologic infl ammatory response mediators are implicated. Indications for CVVH use in this last group is more controversial than in septic MODS patients. [8] [9] [10] [11] A Cochrane meta-analysis in 2007 showed an advantage of CRRT over intermittent therapy in patients with ARF in variables that refl ect hemodynamic instability (hypotension, mean arterial blood pressure and need for vasopressor drugs), but there was not enough evidence of ultimate improvement in survival. [12] A large multicenter trial comparing intermittent hemodialysis with CVVH in ARF patients found no difference in 60-day survival. [13] Since CVVH is costly, research to demonstrate a survival benefi t is needed to support any routine use in MODS treatment.
Use of extracorporeal technology to support critically ill patients with organic dysfunction is a research line of the ICU at the Medical-Surgical Research Center (CIMEQ, the Spanish acronym) in Havana. Our literature found no studies assessing the usefulness of CVVH in improving MODS patient survival in Cuban ICUs. The objective of this study was to describe the effect of CVVH on systemic and brain hemodynamics, oxygenation and metabolism, as well as on vital status at separation of a group of MODS patients treated in CIMEQ's ICU.
METHODS
Defi nitions MOD: Disturbance in two or more systems for at least 24 hours in a critically ill patient unable to maintain homeostasis without intervention. [14] Original Research ARF: Acute increase in plasma creatinine concentration more than twice baseline value or reduction of glomerular fi ltration rate by >50% or urinary excretion <0.5 mL/kg/h for 6 hours. [15] ALF: Severe liver dysfunction with acute onset in absence of preexisting liver disease, characterized by liver encephalopathy and coagulopathy. [16] ARDS: Acute respiratory failure independent of cause, according to American-European consensus criteria: acute onset, arterial oxygen tension (PaO 2 /FiO 2 ratio) ≤200 mmHg, diffuse bilateral infi ltrates in the anterior-posterior chest X-ray and lung capillary pressure <18 mmHg, when measured, or without clinical evidence of cardiac failure. [17] Study type and population An observational case series study was conducted of 18 
Ethical considerations
The study was approved by the CIMEQ ethics committee. Patients or relatives (of patients with impaired consciousness or who were sedated) provided written informed consent following explanation of the study's objectives, risks and benefi ts.
Study variables
General data collected for each patient included age, sex, cause of MODS, pre-CVVH APACHE II score, death risk and system dysfunction per the Sequential Organ Failure Assessment [19] without the neurological component (Table  1) . Systemic hemodynamic variables were heart rate; mean arterial pressure (MAP) recorded by invasive monitoring through the radial artery using a Nihon Kodhen (Japan) monitor; and norepinephrine dose. Brain hemodynamic variables were right middle cerebral artery mean fl ow velocity (MCA MFV) and pulsatility index (MCA PI), collected by transcranial Doppler sonography through the temporal window, using Multi-Dop-T, DWL (Germany). [22] Oxygenation variables were arterial oxygen saturation (SaO 2 , recorded by pulsioximeter using Nihon Kodhen monitor, Japan) and inspired oxygen fraction (FiO 2 ). Metabolic variables were body temperature and serum creatinine, urea and bicarbonate concentrations (creatinine and urea measured in serum by Automatic Analyzer 912 Hitachi, Japan; bicarbonate measured in arterial blood using a gasometer ABL 700 Series, Radiometer, Denmark). Systemic, cerebral, oxygenation and metabolic hemodynamic variables were measured both immediately before CVVH and 12 hours after its onset. Furthermore, the hemofi ltration dose used at 12 hours from procedure onset was recorded. Final results evaluated were vital status at separation from ICU and standardized mortality ratio (SMR).
CVVH technique A Prismafl ex (Gambro-Hospal, Sweden) monitor was used. Dialisan B2GD (Gambro-Hospal, Sweden) was Original Research the dialysis fl uid with a sodium bicarbonate buffer. Replacement solution was Hemosol B0 (Gambro-Hospal, Sweden) and the mean hemofi ltration dose was 31.22 mL/kg/h (limits 17-50 mL/ kg/h, SD: ±7.125). The fi lter used was M100 (AN69) (GambroHospal, Sweden) with biocompatible polyacrylonitrile membrane of 0.9 m 2 surface. Initial blood fl ow was 100 mL/h and dialysis fl uid was programmed at 1000 mL/h; the substitution fl uid, 1000 mL/h, and replacement through a predilution blood pump at 500 mL/h. Later, depending on clinical course and laboratory monitoring, modifi cations were made to blood fl ow (up to 250 mL/min) and replacement through the predilution blood pump (up to 1000 mL/h). System anticoagulation was applied with sodium heparin at an initial dose of 5-10 IU/kg/h, adjusted to maintain partial prothromboplastin time between 60 and 80 seconds. Venous access was via double lumen catheter (13 F) 
Data collection and analysis A data collection model specifi cally designed for the study was used and a database created using SPSS 13.0. Patients were assigned to two groups by cause of MODS for purposes of analysis: septic and nonseptic.
A summary of pre-CVVH patient characteristics in both groups and hemodiafi ltration dose after 12 hours of CVVH is provided in Table 2 .
Analysis was performed separately for each group. Means and standard deviations were used to describe quantitative values and percentages for qualitative ones. The Wilcoxon matched pairs test was used to compare pre-and 12-hour post-CVVH means for systemic and brain hemodynamic, oxygenation and metabolic variables. This period was chosen since it allows suffi cient time for the procedure to have an effect and to help reduce confounding by applying homogenous timing in a heterogeneous group of patients. Statistical signifi cance was defi ned by p value of <0.05. Predicted and observed outcomes were compared for each diagnostic group using SMR. Treatment effect System hemodynamic effi cacy was determined by return to normal values in heart rate, mean arterial pressure and reduced need for norepinephrine. Brain hemodynamic effi cacy was defi ned by return to normal values of right MCA MFV and right MCA PI. Metabolic effi cacy was defi ned as return to normal levels of serum creatinine, urea and bicarbonate. Survival effi cacy was defi ned by an SMR of <0.9.
RESULTS
Dysfunctional systems in the entire series were, in order of frequency: cardiovascular, 83.3% (15/18); renal and hepatic, each 77.8% (14/18); and respiratory and coagulatory, each 72.2% (13/18). The percentage of system dysfunction by diagnostic group is shown in Table 2 .
Comparing clinical and laboratory values pre-CVVH and at 12 hours after initiation, statistically signifi cant improvement was observed in the septic group (Table 3) in all except for mean arterial pressure and right MCA MFV and right MCA PI. However, in the nonseptic group, only temperature showed signifi cant improvement (Table 3) .
Relating fi nal outcome (alive or dead) at ICU discharge and diagnostic groups (sepsis vs. non sepsis): 7 of the 11 patients in the septic MODS group were discharged alive from ICU, representing 63.7% survival (SMR 0.66). None of the nonseptic MODS patients survived (SMR 2.13) ( Table 4) .
DISCUSSION
This case series, similar to others reported, [24] [25] [26] comprised critically ill patients at high risk of death because of the severe organ disturbances that characterize MODS. In the case series we reviewed, the major failing systems were consistent with ours, with cardiovascular (94-100%) and renal (100%) systems predominant. [24, 25] Our series included four patients without ARF treated with CVVH for septic-origin MODS who were discharged alive from ICU; studies with a larger number of cases would be useful to defi ne CVVH indications in MODS patients of septic origin without ARF, as suggested by other authors, because of the procedure's elimination of humoral mediators of systemic inflammatory response and sepsis. [2, 3] Sepsis was the predominant cause of MODS in our series and constituted the principal or sole diagnosis in the majority of reports reviewed for comparison. [4, [25] [26] [27] Among nonseptic causes in our series, the most frequent was ALF, since CIMEQ has one of the two liver transplant programs in Cuba and our ICU receives liver failure patients from every hospital in the country. As in the case of septic MODS, the high mortality risk associated with nonseptic MODS compels us to search for more effective treatments, which is why these cases were included here. The literature describing use of CVVH in ALF and ARDS consists solely of case reports or small case series such as ours. [8, 9, 28, 29] In our septic MODS patients, there was a statistically signifi cant improvement in all but three variables studied. Such improvement in systemic hemodynamics, oxygenation and metabolism variables with CVVH in patients with septic MODS has been reported by other authors, [25, 27] and may be explained by the purifying effect of dialysis, eliminating urea and creatinine through the fi lter membrane, which stabilizes the internal environment. Removal of infl ammatory response mediators and fl uid by hemofi ltration and adsorption can also explain improvement in systemic hemodynamics and oxygenation in patients with poor fl uid balance. [2, 25, 27] In the group of patients with nonseptic MODS, even though variables (excluding temperature) showed no signifi cant improve- Original Research ment, there was some improvement in metabolic and oxygenation variables; the lack of statistical signifi cance may have been due to small sample size and hence limited study power.
However, this group's results are interesting, even though they did not benefi t as did the septic MODS patients, taking their diagnosis into account. In the case of patients with ALF, for whom the ultimate solution is liver transplantation, the therapeutic objective would be to improve or stabilize multiple organ function to 'buy time' while awaiting a donor organ, to improve the patient's condition for transplantation or assist in stabilizing the patient post transplantation. [29] Impairment of brain hemodynamic variables-although without statistical signifi cance-may be explained in patients with ALF, in whom worsening encephalopathy is characterized by greater brain edema and progressive deterioration of these parameters, as previously reported. [30] Although not found to be signifi cant in this study, improving oxygenation and metabolic variables could be useful in treating patients with ARDS, ALF and MODS, as shown by Matsuda. [31] The decrease in temperature to as low as 35°C could be useful in view of studies suggesting possible benefi ts of moderate hypothermia (32-35°C) in ALF and ARDS. [32, 33] The mechanism invoked in ALF patients is lessened brain edema and intracranial hypertension because of reduced production of splanchnic ammonium, restoration of brain hemodynamic regulation and reduction in brain oxidative metabolism. [34] In ARDS animal models, moderate hypothermia inhibits adhesion, activation and accumulation of neutrophils during the acute phase. [33] Apart from observed improvements in oxygenation and metabolic hemodynamic variables, the high rate of survival to ICU discharge of septic MODS patients with CVVH is noteworthy because lack of evidence for a survival benefi t is one of the criticisms of this procedure. [2, 4, 35, 36] SMR calculated for the septic MODS group by comparing expected mortality per APACHE II values to observed mortality was similar to the SMR of 0.67 reported by Page for septic MODS patients, with 53% mortality. [25] This must be considered treatment effi cacy. As previously discussed, nonseptic MODS patients did not derive this benefi t.
The study's main limitations are its small size and lack of control group, so results must be considered preliminary. In addition, numbers were too small to permit analysis by subgroups using SOFA scores, and the hemodiafiltration dose used was lower than currently recommended for septic patients. Despite these limitations and because of encouraging survival observed in the sepsis group, we view CVVH as a promising intervention that should be considered for septic MODS, which despite medical progress still has high case fatality rates.
Multicenter studies will be needed with increased sample size to better assess these new technologies, which, while costly, could yield satisfactory cost-effectiveness for survival in these patients.
New studies on the topic should include confounders, such as time elapsed between symptom onset and procedure initiation, inter alia.
CONCLUSIONS
Continuous venovenous hemodiafl tration improved clinical parameters and survival in patients with multiple organ dysfunction syndrome of septic origin. Further studies are warranted with larger numbers of patients to corroborate these results for the sake of improving treatment of such critically ill patients. 
